Abstract The objectives were to estimate the prevalence and identify correlates of latent tuberculosis infection (LTBI) among residents of a migrant agricultural community in San Quintín, Baja-California, Mexico. Residents completed a questionnaire and had their blood tested for LTBI using the QuantiFERON Ò -TB Gold In-Tube (QFT) assay. Among 133 participants, 39.8% (95% CI 31.5-48.7%) tested QFT-positive. Having crossed the U.S.-Mexican border since living in San Quintin (P = 0.03), consuming unpasteurized milk (P = 0.02) and receiving health care at IMSS-Oportunidades in the last 6 months (P = 0.03) were independently associated with QFT-positivity. High LTBI prevalence in this community emphasizes the need for TB education and LTBI treatment for its residents. Association with travel to the U.S. suggests the potential for TB transmission across borders. Higher QFT-positivity among those consuming unpasteurized milk could indicate M. bovis infection, previously reported among Mexican migrants living in U.S. border cities.
Introduction
Tuberculosis (TB) poses a major public health burden globally, disproportionately affecting underdeveloped countries and migrant populations [1, 2] . The WHO estimated 9.27 million new cases and 1.7 million deaths occurred globally of TB in 2007 [3] . It is estimated that one-third of the world's population is infected with M. Tuberculosis. Most M. tuberculosis infections do not result in active TB and remain latent, depending on the virulence of the organism and the host response. The overall lifetime risk of latent tuberculosis infection (LTBI) progressing to active TB is estimated at 5-10% [3] . A person progressing from LTBI to active disease can infect between 10 and 15 people while untreated [4] , complicating the challenges faced by underfunded TB control programs in regions with high TB burden [5] .
The risk of progression from LTBI to active TB is increased by several factors including HIV coinfection, immunosuppression, malnutrition, chronic degenerative diseases, injection drug use, and residence or employment in congregate settings [6, 7] . Treatment of LTBI for 9 months with the drug isoniazid reduces the risk of progression to active TB by over 75% [8] . However, LTBI treatment in Mexico is hampered by universal immunization with the Bacillus Calmette-Guérin (BCG) that can cause a false positive reaction on the tuberculin skin test (TST) making this widely used TB test unreliable [9] . Newer tests, including the in vitro QuantiFERON Ò -TB Gold In-Tube assay (QFT) do not react to antigens in the BCG vaccine and thus give more sensitive and specific estimates of infection [7] .
In North America, TB rates are higher in the border region of the United States (U.S.) and Mexico than their respective national rates. In both countries, the states forming each side of the border have TB rates 1.5 times the national average. Furthermore, 49% of the TB cases in the U.S. are foreign-born, of which 23% were born in Mexico [10] where Baja California has the highest TB rate (57.3 per 100,000 pop.) among the border states [11] .
Residents of rural communities in Baja California often migrate from impoverished regions in the south of Mexico in hopes of migrating to the U.S. or to take advantage of higher paying jobs in the agricultural industry in Baja California. Once relocated to the northern border state of Baja California, residents may have opportunity for interaction with others in the U.S./Mexico border region through personal travel or visitation from others [12, 13] . Migrant populations with lower socioeconomic status, have higher rates of active TB and diagnosis can be delayed during migration; [2, 14] yet little is known about the prevalence of TB infection (LTBI) within these populations.
Through a collaboration between one Mexican and two U.S. universities, semi-annual clinics are conducted in an agricultural community (Colonia) that is open to all residents seeking primary medical care. The program, entitled VIIDAI [15] , involves the efforts of medical and public health school faculty and students who organize and conduct clinical, epidemiological and health promotion activities during each trip. During one of these trips, a survey was conducted that included free TB testing. The aim of the study was to determine the prevalence and correlates of LTBI among adult residents of an agricultural community in San Quintín, Baja California, Mexico.
Methods
A cross-sectional study was conducted over a two-day period in October 2008 to determine the prevalence of LTBI among adults living in a migrant agricultural community (Colonia), in the Baja California's San Quintín Valley. Participants were recruited to complete a brief interview and provide a blood sample for QFT testing. All study procedures were approved by institutional review boards at University of California San Diego and Universidad Autonoma de Baja California. All participants gave written informed consent before undergoing any study procedures.
Study Setting
The Colonia is located in the San Quintín agricultural region of Baja California, roughly 200 miles south of the border with the U.S. Approximately 30,000-40,000 farm workers reside in the San Quintín Valley; 3,000-5,000 of whom reside in the Colonia we studied [16, 17] . Much of the population in the region, particularly among the Colonias, is comprised of migrants from outside of Baja California employed by the fruit and vegetable export industry [18] .
Sampling
Study participants were recruited in two ways: (1) all eligible VIIDAI clinic patients were invited to participate after registering for a clinic appointment; and (2) households in the community were randomly selected and eligible residents in those households were invited to participate. Eligibility for the study included age at least 18 years old and residence in the Colonia. To avoid oversampling from potential clusters, only one adult per household could participate.
The clinic was established in a local primary school in the Colonia on a Saturday and Sunday when the school was not in session and most residents were not working. After the patients registered for the clinic, eligible individuals were invited to take part in the TB study. When more than one willing adult from the same household was present, a die was used to randomly select only one household member for the study.
A second sample was selected via door-to-door recruitment in the Colonia. Using maps created with Google Earth Ò in conjunction with notes from previous VII-DAI surveys, 16 randomly selected starting points were chosen and recruiters systematically approached every third household as they moved in a prearranged pattern through the community. At the households, residents were introduced to the study and invited to participate. Potential participants at both locations were asked if they had already participated and 'prohibited from retaking the survey. If a selected dwelling had no eligible participants present at the time of the visit, two additional attempts were made over the two-day study period to contact them.
Survey Instrument
Face-to-face interviews lasting approximately 30 min were conducted in semi-private settings by graduate students who were trained in research methods and ethics. Interviewers administered a standardized questionnaire that assessed sociodemographics, travel history, places of residence, years lived in each place, beliefs about tuberculosis transmission, active tuberculosis symptoms, past healthcare services received, and past TB diagnosis. Questionnaires were written in English, translated into Spanish and then translated back to English to ensure accuracy. The questionnaires were pilot-tested on persons with low socioeconomic status in Tijuana to verify their comprehensibility and cultural appropriateness.
Sociodemographic questions included age, sex, years of school completed, marital status, number of children, language(s) spoken, number of people per household, number of rooms per household, and occupation. Detailed residential (list of cities and states where participant lived for more than 6 months) and travel histories (frequency and reason for travel to the border region and the U.S.) were also obtained using maps as aids. For the purposes of the study, the border region was defined as the area 100 km south of the U.S./Mexico border (equivalent to 62 miles). Participants' knowledge of TB was assessed through a series of yes/no questions: Do you believe that (1) TB has a ''sleeping'' form, (2) infection risk increases with sharing personal items, (3) TB is spread through the air, and (4) TB can be cured by taking medicine. These questions were pilot tested for comprehension in this community and found to be readily understood. Previous history of TB diagnosis and treatment was gathered, along with history of contact with TB-infected persons. Since M. bovis infection can occur after consuming unpasteurized dairy products and produces positive QFT results [19] , participants were asked, In the last 6 months, have you drank raw milk (leche bronca) or eaten unpasteurized cheese (queso fresco)? This is milk/cheese that has not been treated to kill germs [20] .
After the interview, participants received pre-test counseling about the TB test and had blood drawn for the test. Following the questionnaire and blood draw, all participants received a small, non-monetary incentive and an information pamphlet about TB. They were also informed about how and when they would receive notification about their TB status and how to receive treatment if necessary.
Tuberculosis Testing

M. tuberculosis infection was detected by the Quanti-FERON
Ò -TB Gold In-Tube interferon gamma release assay (Cellestis, Ltd. Carnegie, Australia), an in vitro system that detects interferon gamma released by whole blood samples after introduction of ESAT-6, CFP-10, and TB7.7 proteins that mimic antigens specific to the M. tuberculosis complex present in both TB and LTBI [21] . In 2005, the U.S. Food and Drug Administration approved QFT for detection of M. tuberculosis infection, and the U.S. Centers for Disease Control and Prevention determined that QFT may be used to detect M. tuberculosis in all situations where TST is used [22] .
Following the manufacturer's instructions, venous blood was drawn directly into three vacuum tubes provided with the test kit that contain heparin alone (nil control), heparin and TB antigens (test), or heparin and a mitogen (positive control). The tubes were shaken and placed in a portable incubator for 16-24 h before spinning them to separate the plasma for IFN-c quantification. The samples were transported at 4 o C to Tijuana General Hospital for ELISA. All results were sent to a collaborating clinician in San Quintín within 4 weeks so they could be provided to the participants. The clinician requested three sputum samples from QFT-positive participants to rule out active TB. Participants with active TB could receive free treatment through the Instituto de Servicios de Salud en el Estado de Baja California (ISESALUD). Those who were QFTpositive but sputum-negative (LTBI) were informed about the symptoms and risks for developing active disease.
Since the QFT assay detects M. tuberculosis infection, but does not differentiate between LTBI and active TB, we used self-reported TB symptoms to identify potential cases of active TB. The questionnaire included presence of clinical markers of active TB (e.g., cough lasting [3 weeks, fever or chills, night sweats, weight loss, hoarseness, enlarged lymph nodes, joint pain, fatigue, and hemoptysis). Participant reporting hemoptysis, or chronic cough plus C1 other symptom, were considered suspicious for active TB and were immediately referred to the local public health center to rule out active TB. Similarly, when QFT results were ready approximately 6 weeks later, QFT-positive participants were urged to visit the local health center and provide sputum samples for testing to rule out active TB.
Statistical Analysis
Descriptive statistics were used to characterize participants by QFT status. Associations between participant characteristics and TB infection were evaluated first by Wilcoxon rank sum test or Fisher's exact test, followed by univariate and multivariable logistic regressions. All variables were considered for inclusion in multivariate analysis. A backward stepwise model selecting for main effects in the final model was performed. Once a model was determined, individual variables were selectively added and removed to provide a parsimonious model. At each step, likelihood ratio testing was used to compare nested models until only variables with P-values\0.05 remained in the final model [23] .
Results
Of 119 eligible clinic patients, 110 (92%) agreed to participate, 14 of which were excluded because they belonged to the same household as a participant (Fig. 1) . Of 118 eligible adults selected from the community households, 64 (54%) agreed to participate, 10 were excluded because they belonged to the same household as a participant from the clinic. In total, 150 individuals were enrolled, of which 17 could not provide enough blood for the QFT test, leaving 133 individuals with complete interview and laboratory data for this analysis. Of the 133 participants, 37% were male and the median age was 35 years (range: 18-71). Only 7 participants (5%) were born in San Quintín, the majority (75%) of participants reported being born in the Mexican state of Oaxaca and 45% spoke an indigenous language (71% Mixtec, 15% Triqui and 14% Zapotec). Half (50%) were currently employed in the agricultural industry.
Sample Characteristics by Recruitment Source
As shown in Table 1 , participants recruited at the clinic were more likely to speak an indigenous language (odds ratio [OR] = 2.2, P = 0.03). No other differences were statistically significant.
Univariate Analysis of QFT-Positivity
Overall, 39.9% (95% CI 31.5-48.7%) of participants tested positive on the QFT assay ( Table 2) . Age C30 years (P = 0.06), living in the Colonia for more than 10 years (P = 0.06), and drinking unpasteurized milk (leche bronca) in the last 6 months (P = 0.06) all had a marginally significant association with testing QFT-positive. The prevalence of eating unpasteurized cheese (queso fresco) did not differ between QFT-positive and QFT-negative participants (64% vs. 60%, P = 0.72).
Considering mobility and travel, Table 2 shows that participants who had traveled to the U.S. since living in the Colonia had a marginally significant association with QFTpositivity (P = 0.08), as did travel to the U.S. or border region or receiving visitors from the U.S. (P = 0.10).
TB symptoms, history, and knowledge were considered. Six participants from the clinic and four from the Colonia households reported symptoms suggestive of active TB (7.5%); of which half (n = 5) were QFT positive. All 10 symptomatic participants subsequently received sputum testing for acid fast bacilli and clinical evaluation at the local health department, of which none had active TB. Almost one-third of participants had received care at IMSS Oportunidades, a Mexican government funded social program for underprivileged rural Mexicans, which was also marginally associated with QFT-positivity (P = 0.1). Only one participant responded correctly to all four TB questions and nine (6.8%) did not have any correct answers. Correct responding to these questions was not associated with QFT-positivity.
Multivariate Analysis of QFT-Positivity
On multivariate logistic regression (Table 3) , QFT-positivity was independently associated with reporting travel to the U.S. since living in the Colonia (adjusted OR [AOR] = 2.72, P = 0.03), consuming unpasteurized milk in the last six months (AOR = 3.6, P = 0.02), and receiving medical care at IMSS Oportunidades (AOR = 2.51, P = 0.03).
Discussion
This study found an LTBI prevalence of nearly 40% among migrant residents in a rural area in Baja California. Furthermore, over 90% of the residents were migrants from other Mexican states, primarily from Oaxaca, and more than one-third reported traveling to the U.S. or a border area since living in the Colonia, of which half crossed the U.S. Mexican border since living in the Colonia. This significant pool of latently infected individuals contributes to the high rate of active pulmonary TB cases in Mexico. With the recent availability of assays such as QFT to differentiate between BCG immune status and TB infection, strategies for treatment of LTBI may be cost-effective for improving the control of TB in Mexico, as has been achieved in neighboring U.S. [7] .
The association between travel to the U.S. and presence of LTBI does not indicate whether exposure to M. Tuberculosis occurred prior to, during or after migration. However, since individuals with LTBI have a 10% lifetime risk for developing active TB, [3] which can be spread to others, the risk of TB spreading beyond the Colonia is a concern. Of participants crossing the border since living in San Quintín, most reported traveling to California (72%) and cited economic reasons or permanent migration to the U.S. (85%) as their reason for travel (data not shown). As a result Mexican and U.S. public health programs should have a vested interest in collaborating on the surveillance of TB infection and disease transmission among shared mobile populations, considering that the migration process can be a risk factor for TB transmission across international borders [2] . The association between consuming raw milk and QFTpositivity raises the concern of M. bovis infection, a zoonotic form of mycobacteria found in unpasteurized milk, as the source of LTBI among residents of San Quintín. Increased rates of M. bovis tuberculosis have been reported among Hispanic populations in U.S. border cities. The disease has lower survival compared to M. tuberculosis and is intrinsically resistant to pyrazinamide, a first line TB drug [24] . The finding of high LTBI prevalence among participants receiving benefits from IMSS Oportunidades may be explained by studies linking TB exposure to low socioeconomic status and marginalization, [25] since this program is generally offered to marginalized rural Mexican families in extreme poverty to promote social development through education and family health programs [26] . This finding should inform health officials about the potential need for increased TB education, screening, and care for patients of the IMSS Oportunidades program. Given the low number of correct answer to TB knowledge questions overall, TB education could benefit all Colonia residents as well. However, when we analyzed factors associated with answering the questions correctly, participants working as agricultural field workers had lower scores compared to non-agricultural workers (42%, P = 0.04), and there was a positive correlation between the number of years of school and number of questions answered correctly (r = 0.27, P \ 0.01) (data not shown). Thus, education in general for agricultural workers could improve health literacy overall. Some limitations should be considered when interpreting the results of this study. QFT results cannot differentiate between LTBI and active disease so our interpretation of LTBI among individuals with a positive test could include individuals with active TB. However we used a TB symptom survey previously used in Mexico [7] to identify participants with possible active TB; among the 10 participants with suggestive symptoms, TB was ruled out subsequently by clinical evaluation and sputum testing at the local public health center according following the Official Mexican Guidelines for TB Control [27] . Recruitment from two sources (i.e., clinic patients and household sampling) could have produced disparate samples. However, the only difference observed between the samples was that clinic patients were more likely to speak indigenous languages and this variable was not a confounder in the final model. Another limitation that should be considered is the use of self-reported data in our survey which is subject to recall errors; however, since we performed QFT testing after the questionnaire, it is unlikely that recall problems would have occurred differentially between groups by QFT results status. A strength of this study was the use of the QFT assay, which does not crossreact with antigens in the BCG vaccine like the TST, allowing increased confidence in the results.
Conclusions
The high prevalence of LTBI among Colonia residents in San Quintín is a serious public health concern with binational ramifications given the risk of LTBI becoming active in the presence of the myriad risk factors including low socioeconomic status and frequent migration among this population. This lends further emphasis to consider addressing national strategies to target populations with LTBI for prophylactic treatment. Collaborative binational initiatives to further understand the role of migration and cross-border TB transmission combining epidemiological research, TB education and care among vulnerable migrants are critical to further advance common goals of TB elimination. Future collaborative efforts, like VIIDAI, can be useful to elucidate health conditions, educate underserved populations, and disseminate information that may be used by health care providers and policy makers. 
